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Abstract

Discrete Event Simulations performed in an Artificial
Intelligence (AI) environment provide benefits in iwo major
areas. The productivity provided by Object Oriented Program-
ming, Rule Based Programring, and Al development environ-
ments allows simulations to be developed and maintained
more efficiently than conventioral envircnments allow.
Secondly, the use of Al techniques allows direct simulation of
human decision making processes and Command and Control
aspects of a system under study.

An introduction t Al techniques is presented. Two discrete
event simulations produced in these environments are
described. Finally, a software engineering metbodology is
discussed that allows simulations to be designed for use in
these environments.

1. Artificial Intelligence Environments

Discrete event simulation performed in an Artificia!
Intelligence eavironment derives much benefit from special
features of those envirorments. In order to appreciate how
these special features assist in simulstion modeling, they will
be descnibed in envugh detsil to serve as an introduction for
those used lo more conventional simulation eavironments.

1.1, Object Orlented Knowledge Representation

An object oriented programming system is &8 program-
ming paradigm that provides distinct advanlages over conven-
tional nrocedure osiented programming systams and their asso-
ciated progmmming end design paredigms.

An object in an fbject Oriented system encapsulates
both Zata and the operations performed on those data. In this
respect the objecy is similar to an abstract data type. However,
the (bject Oriented programming paradigin  goes beyond
abstract datr types. An ‘bject Oriented syrtem is character-
ized by the folluwing features.

(Object Structure and Memage Paclig
All vbjects may contain internzl state information
known a1 insance variables. ‘The operations that the
object can perfonn aro defined Ly the set of mesaages
o which the object responda. ‘The procedurs used by
an object to respond (0 a mesaage is called a micthod,
An ubject's methods may raference culy its own
imtance variabies. ‘The only  nterasctions  between
objectn toke place Ly way of sending & message and

receiviug a response to the message.

Inheritance

Objects that share similar insiance variables and
methods can have the common characteristics extracted
into a class. The cless is an cbject that describes the
common characteristics shared by either subclasses or
instances of the class. The classes form a hierarchy of
class-subciass relationships with instances as the leaves
of the hierarchy. If ths system allows the class-
subclass-instance hierarchy to Yorm a genenal digraph
rather than ust a tee, the system is said to support
multiple inheritance.

The design process of building a class hierarchy from
a flat set of objects is similar to the process used to
normalize relational database systems.

Late Binding

The Object Oriented system allows response to a met-
sage based on the charucteristics of the object at the
tinie that the mecasage is passed to the object. This is
generally the most difficult of an Object Oriented sys-
lem to implement upon a procedure oriented language
such as C or ADA! where the characteristics of the
objects are deterrnined at compile-tine mther than at
run-time.

1.2. Rule Based Knowledge Representation

Much knowledge can be represented by way of if-then
rules that examine and modify the state of the knowledye
represented in the system. Two main techniques exist to
allow a collection of rules to derive new knowledge from
exiding knowl~dge.

Forward Chalning
In forward chaining, the antecedrats of each rule are
examined, and wherever all the antecedents ar
satisfied the consequents are asserted. For example, in
a rule such as

ir (the cargo of MY-TRUCK is CARGO)
(the state of CARGQO ix dangerous)

then (curment-activity is telt-the ikc aboul MY -TRUCK)

The forward chaining system would attempt to find all
objects CURRENT-TRUCK with a cargo instance

" Ada i 3 registere: trudemark of the U 8. Gavern
ment, Ada Joint Program Office.



variable CARGC such that that truck is carrying a
dangerous cargo. Wherever such a set of values can be
found, it will be asserted that the piec: of knowledge
in the system known as current-activity will be
changed. Such a change may well cauge other rules to
bccome salisfied causing other pieces of knowledge to
change.)

Backward Chalning
A baciward chaining system works in the other direc-
tion. The consequents of each rule are examinzd, and
wherever the conclusion is satisfied with the current
knowledge, the antecedents 2re asserted. For example,
in a rule such as

if (ANIMAL is in class mammid)

then (the body-cover of ANIMAL is hair)

The backward chuiniag system will attempt to find
values for ANIMAL such that the body-cover of the
animal is hair. Wherever such a value is found, the
piece of knowledge that the animal is in class mammal
will be added to the set of knowledge in the systen..

Gensrally, backward chaining systems are used in
ueduction and diagnoses systems. We have found the forward
chaining system to be most useful in simulation modeling of
human decision 1mnaking.

The ability to capture and medel human decision mak-
ing direcly within the rule system is of fundamental impor-
lance in constructing maintainable models of systems that
depend upon such decision making. The rule system should
allow the developer and the maintainer to mod. knowledge in
an English-like way. This is very important to the long-term
use of such models.

2. An Example Conventional Simulation impiemented in
an Al Environment

A relatively large-scale simulation has recently bsen
complcted at Los Alamos in an Al environment. The appiica-
tion, funded by the Albuquerque Arca Office of the Depart-
ment of Energy, wes designed to allow DOE to perform
long-range planning studies of the Special Nuclear Materials
Production Complex in the United States (Figure 1). The fol-
lowing facilities, and their interactive material flows -
represented in the model:

. ‘The Rocky Flats Operation

. ‘The Los Alamos TA-55 Operrtion
. The Oak Ridge Y-12 Operation

. ‘The Fernald FMPC Operation

. The tlanford Operation

o ‘The Savannah River Operation

. ‘The Gaseous Diffusion Plant

The model was developed in KEE? and LISP on a
Symboliu’ 3600 computer, and contains approximately 1,100
objects (KEE unita). This combination of hardware / softwarm
tepressnts today's state of-the ant in Al computing technology.

T KEE (Knowleige Engineering Environment) ix &
trademark of Intellic’erp of Mountain View, California.

¥ Symbolics in a trademark of Symbaolics, nc.

Figure 2 is a graphic of the KEE knowledge base describing
the Rocky Flats Piant near Cenver, Colorado. Figure 3 shows
detail about the object called Building 771* at Rocky Flats.
Building 771 processes two plutonium-bearing aqueous scrap
streams, fast and slow, to recover plutoninm metal.

Seven man-years of development were invested in the
efiort during the one calendar year it took to complete the
model. While this particular simulation cowld have been
developed in one of the more conventicnal simulation
languages (SLAM, SIMAN, GPSS, SIMSCRIPT), the authors
believe that the development tim¢ would have been much
ionger using one of these more conventional languages. In
addition, the modularity of the moael (because of the object-
oriented approach) makes it easier to maintain than had it been
built using a procedural approach.

It takes 25 - 30 m:gutes to complete a ten-year run
with all facilities active, or three to four minutes to run just
the Rocky Flats facility stznd-alone.

3. An Example of a Command, Control, and Communica-
tions Simulatior

Two years ago, 3 medium-to-large scale simulation
was developed at Los Alamos using KEE on Symbolics
hardware to represent the behavior of 1 to N battalion-sized
miliiavy organizations involvel in a combat situation. Each
battalion is comprised of tracked vehicles, el trucks, recon-
naissance vehicles, tow trucks, food, fuel, supplies, and per-
sonnel. The personnel include a commander, staff personnel,
and support personnel (mechanics, radio operators, gunners,
cc) This clam of simulation problem is called Command,
Control, and Communication (C%), and requires a rigorous
representation of human decision-makir : processes to realisti-
cally represent the military opeiation. A few examples of the
decision process2s modeled in this simulation include;

. Haa the threat of detection from enemy radio direction
finding sy:-tems, human intelligence, overhead surveil-
lance, etc. increased to the point where a move to
another covert location is necessary?

. I it necessary to dispaich a reconnaissance team to
gather information about the forward termain?

. Since it has been determined that a refueling operation
is required, to which fuel depot should 1 re-team b
dispatched?

. Given the extant environmenta: / combat conditions,

should the tracked veh.cle that was just damaged by s
conventional allack be repured while the battalion
waits, shovl. 8 mobile repair team be dicpatched whilc
the reat of the battalion moves on, or thould the vehi-
cle be abandoned in place?

In conteast to the examgio giver above of & convei-
tional process rimulation, the anthors do aof feel that thix
madel could have been buiit and miintained uning one of the
older, convantional simutation sysicms. One of the objectiver
of €Y medeling 18 to «nalyze the effecta of different decision-
-naking schemes on the outcome of the simulation. The nse of
a nile system, where decision processen sre defined an data (as
cmpared to compiled Il - Then  Else constoxts within a

“ Note: ‘The procesning rates and efficiencien presented
in Figuee Vare not the actual duta for Building 771 at Rocky
Flata,



procedural language) allows this, whereas the older simulation
systems do not

It is important to note that this class of simulations
largely performs apalysis upoa the doctrine or policy of a sys-
temn rather than the physical capabiliies of the system
(although, naturally, the physical processes remaiu an impor-
tant part of th+ simulation). This new ability is the most
important characteristic of this new simulation environment
when compared to more conventional simulaiion environ-
ments.

4. A Software Engineering Methodology

Given an understanding of the Anificial Intelligence
environment characterized by object oriented programuning
and rule based programming, and given an understanding of a
sample discrete event simulation produced in this environment,
the software engineering methodology used to develop these
simulations is now presented.

4.1. Actors

A set of requirements for a simulation will always
include information regarding the situation to be simulate 1 and
the analysis desired about this situation. Given these require-
ments, the first step in designing a simulation is o characer
ize all active entities in the situation as Actors. The definition
of #n Actor here is quite broad, encompassing any and all
active entities in the situation to be simulated. The concept of
an Actor contains a fair bit of anthropomorphism.

Any actor will have three sets of characterisiics.

Assets and Attributes
Each Acor may have cerain items in its possession.
For example, a fuei truck will have & certain amount
of fuel on hand £s an azset,

Physical Capabilities
Each Actor may be able 1o exercise an ability to react
in some way. For example, a fuel truck will ba able

to change locatiou, provide fuel to some othcr Actor,
and replenish its fuel assets from a central fuel depot.
Cognitive Cupabilities

Each Actor may be able to exercise command and con-
trol, or decision making abilities. For example, a fuel
truck (or more specifically its driver) cia examine the
current situation and follow some docirine or decision
making process to determine how to proceed. Perhape
the fuel assots of the fuel truck have fallen below a
level that v:ould prevent future, scheduled refuelings to
occur. In this case, the driver may elect to divert to a
central facility for re-fueling.

It is the ability to directly model these cognitive capa-
bilities that differentiates between simulations in
Anificial Intelligence environments and those in more
conventional environments.

An activity in the simulation will be a representation
of an Actor exercising one of its capabilides. An exercise of
an Actor's cognitive capabilities is no dif'erent than an exer-
cise of an Actor's physical capabilities ulthough the represen-
tation of the exercise of a physical capability will differ from
the representation of the exercise oi a cognative capability
wilthin the model’s implementation.

Finally, each activity is represented by an event that
represents the instant in time when an activity either begins or
completes.  Some activi'ies happen instantancously and are

modeled as a single event.

4.2. Actors as Objects

Once the system to be simulated is descr.bed in terms
of Actors and their associated assets, physical capabilities, and
cognitive capabilities, the simulation can be constructed by
modeling each Actor as an object in the object oriented pro-
gramming system. The object’s instance variables ae used to
represent assels of the Actor. The events that represent the
start and end of the activities representing the Actor’s physical
and cognitive capabilities become methods of the object. All
events in the simulation are implemented as messages passed
1o the objects representing the Acrors in the drama.

A major advaotage of the Anificial Intelligence
environment comes into play at this poiat. The methods
representing the exercise of a physical capability will be
encoded in & procedure oriented ianguage (¢.g. Lisp, C, FOR-
TRAN) in the same way as in conventional simulation
environments. However, rather than encoding the exercise of
a cognitive capability in the procedure oriented language (the
only option in the conventional sitnulation eavironment), the
Antificial Intelligence environment provides a forward-chaining
or a backward-chaining (or both!) rule system that is ideal for
capturing and modeling the decision makin;, processes cf the
exercise of an Actor's cognitive capabilities. Additionally, the
rules defining these cognitive capabilities are data, not com-
piled code.

5. Comparison of Environments

The primary difference between discrete rvent simula-
tion models developed in ths Artificial Intelligence environ-
ment and such models developed in conventional program-
ming environments is the ability to use a rule system to model
decision making. This leads to a more comprehensive view of
an activity in the simulation produced in the Artificial Intelli-
gence eavironment.

In the conventional environment, emphasis is placed
on modeling the exercise of physical capabkilities. This leads to
» model of sequences of activilies represented as a sequence
of eventy
. Begin activiiy
. End activity.

With the ability to nindel the exercise of cognitive
capability, each ectivity is modeled as the event sequence

. Begin Cognitive activity to determine rext action.

. End Cognitive activity

. Begin Physical adivity.

. End Physical activity.

. Begin assessment activity to determmine result of physi-
cal activity.

. End assersment activity,

‘The new sub-activities that represent the cognitive and
assessment portions allow mexdeling of command and control
systerna, and allow ~ model 1o be built that performa analysis
of the decizion mak ng procesa itself, rather than just perfor
mance analysis of a physical system.

‘These new sub activittes allowing modeling of dec
sion making are only practical given the knowledge modeling
tools proviaed by the rulo systema within the Artiticial Intellh
gence environments.  The angument can be made that the



Anificial Intelligence environments provide no fundam dal
capability over the more conventiona! environments for simu-
tation. This argument is usually based on examples of & rule-
based system implemented as branches within a procedural
programming framework. This argument is valid as far as it
goes, however, it does not go far enough. Either environment
is Turing-equivalent in the comput:lional sense. Any function
computable in a procedure-oriented system can also be com-
puted in an object-oricated system and vice-versa. The
difference is one of ease of development and maintenance
over the life-cycle of the simuiation.

The conventional simulation environment forces an
over-emphsis on the representation of the physical processes
of a system to be modeled. With no tools availabie to directly
model cognalive processes, much of current simulation design
is spent determining how to model decision making processes
stochasticly and removing any decision making process that
cannot be modeled in this way. While it is a tribute to Statis-
ticians that so much human decision making can be modeled
stochasticly, conventional simulation environments do not pro-
vide tools to allow any other sort of modeling of the decision
making process. Oflen, systems analysis requires the study of
non-stochastic decision-making processes. The advantage of
the Artificial Intelligence environment is that this sort of
knowledge can now be modeled directly within the rule sys-
tem. Many simulations can now be implemented that were
not possible before. In particular, the decision making doctrine
of a systemn can now be modeled directly in the same way that
physical processes were modeled before the advent of the pew
simulation environments,

It is our belief that only trivial decision modeling can
be pecformed by embedding the doctrinal knowledge within
branches of a procedural oriented language where the model
must b: maintained over the analysiz lifetime of the model.
The Anificial Intelligence environments provide both
increased development productivity over conventicn»! simula-
tion environments and the new ability to model human deci-
sion making processes.
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